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摘  要 














(1) 悬浮颗粒态生物硅( PBSi )的水平分布规律为北部高南部低，近岸高远岸
低；由于浅水区的表底混合均匀，湾北部和海南岛沿岸海域站位真光层表底 PBSi
的变化不明显；北部湾的 PBSi 浓度存在季节差异，秋季高于春季；PBSi 的含量
与营养盐、浮游植物、叶绿素 a 和初级生产力有较好的相关性。 














































Biogenic Silica ( BSi ) is a sort of amorphous silica from diatom, radiolarians, 
sponges and other siliceous organisms. BSi may reflect the spatial and temporal 
distribution of primary productivity and the environmental changes of aquatic systems. 
Presently, BSi has been widely used as a proxy of paleoceanography events and 
paleoclimate. Furthermore, the cycle of BSi is the important section of Si cycle in the 
sea and BSi has a close coupling in the global carbon cycle.  
In this study, in order to improve the BSi determination method suited for Tonkin 
Gulf sediment samples, we screened out the BSi extraction conditions through 
experiments, and found that continuous shaking in BSi-extracting process and using 
round bottom centrifuge tube as reaction vessel could improve BSi extractive 
efficiency. In the ameliorated method, 0.5 mol/L Na2CO3 is used as extracting 
solution and 50 mL round bottom centrifuge tube as reaction vessel, the solid/liquid 
ratio is 1 g/L, and sediment samples are digestd for 5 h at 90 ℃. The method was 
validated by measuring the interlaboratory comparison sediment samples with it, and 
the results were in the range of standard content. In the study, a technique was also 
established to distinguish the diatom sourced BSi from total BSi in the sediment by 
different extracting time, thus to coupling BSi in sediment with the primary 
productivity in water column more directly. 
In 2007, two cruises for BSi investigation at Tonkin Gulf had been carried out in 
spring and autumn, and the results are as followes:  
1. In the study area of Tonkin Gulf, the concentration of PBSi in the water 
column was higher in the northern gulf and in the nearshore waters along Hainan 
Island than that in the southern gulf and in the offshore deep waters. Due to 
comparatively sufficient vertical mixing in the water column in shallow waters, PBSi 
showed no obvious difference in the surface and bottom of the euphotic zone in the 
northern gulf and the nearshore waters along Hainan Island. The seasonal fluctuation 
revealed that the PBSi concentration was higher in autumn than in spring, with 















in the water column. 
2. The BSi content of surface layer sediments in Tonkin Gulf was 0.58 %～1.68 
%, 1.1 % in average, which is close to value in the southern continental shelf of the 
South China Sea. The horizontal distribution of diatom-sourced BSi (DBSi) was 
similar to that of total BSi (TBSi), showing higher value in the surface sendiemnts of 
the northern gulf and the nearshore waters along Hainan Island than that in the central 
gulf and southern gulf deep waters. 
3. According to the vertical profile of BSi value in the sediment samples and the 
proportion of DBSi to TBSi, the sedimentary rate of Tonkin Gulf was estimated to be 
2.0～3.0 cm/yr in avarage, with higher rates in the shallow nearshore waters than that 
in the deep offshore waters. The BSi recovery rate, which reflects the release of BSi 
from sendiment via dissolving, in sediment of Tonkin Gulf was calculated to be 0.49 
%～1.52 %. Higher recovery rate of BSi was found in the sediments of the northern 
gulf and the nearshore waters along Hainan Island. Sediments in the central gulf deep 
waters had lower BSi recovery rate. However, it seemed that sediment in the southern 
gulf deep waters also had high BSi recovery rate, maybe due to the higher salinity in 
this region. 
4. In most stations, the content of TBSi and DBSi was found to increased 
gradually from sendiment surface to more than 14 cm in depth, indicating that, in 
most parts of Tonkin Gulf, the amount of sedimentary diatom in sediment was 
decreased in recent years. This phenomenon implies that there maybe a descending 
trend for the biomass of diatom and other siliceous organisms in the plankton 
community of Tonkin Gulf. 
 















第一章  前言 
1.1 生物硅的简介 
生物硅( BSi )指生源无定形硅，主要来源于硅藻、放射虫和海绵骨针等硅质
生物。生物硅在矿物学上称为蛋白石，主要以 SiO2·nH2O 来表示( SiO2 含量一般
在 90 %以上，含水量不定，一般为 4 %～9 %， 高可达 20 %)[1]。 
硅藻从外界环境吸收 Si(OH)4，它不是连续或以某种恒定速率吸收硅酸
(Sullivan & Volcani, 1981)[2]，但硅藻体内的浓度可为外界介质硅浓度的 30～350
倍，经过体内的同化作用形成硅藻的硅质细胞壁。硅藻细胞中硅的沉积不是一个





















































产力的 75 %是由硅藻提供的，全球平均 60 %以上的初级生产力也归因于硅藻




图 1-1 硅藻硅质细胞壁形成图（引自：Ragueneau, 2000[6]） 
Fig.1-1 The process of silicic cell wall forming in diatom ( From: 






















产力产生的有机碳的贮藏效率仅为 0.13 %[40,41]。Treguer 等(1995)指出，全球沉积
物中生物硅的保存效率约为 3 %左右，比有机碳高得多[11]。Schluter 等(1991)对
南极的 Weddell Sea 的测定表明沉积物中 BSi/Corg 的摩尔比为 0.15～3.3，平均值
为 0.73[42]，而 Nelson 等(1995)指出组成表层初级生产力的 BSi/Corg 的摩尔比为
0.13[37]，表明沉积物中的 BSi/Corg 的摩尔比富集了将近 6 倍。沉积物中 C:Si 比为
0.5836，而 Brzezinski (1985)提出一般硅藻中 C:Si 比为 7.7[43]，由此可见 BSi 的贮
存效率大大高于 TOC，显然更适于指示初级生产力的变化。 









是 明显的实例，全球溶解进入海洋 Si 的约 70 %埋藏于只占世界海洋面积约 10 
%的南大洋，现代海洋 重要的生物硅积累就发生于此(Treguer et al., 1995; 
DeMaster, 1981)[11,16]。该海域也被认为对冰期/间冰期大气 CO2 的变化起关键作用
(Frangois et al., 1997; Broecker & Henderson, 1998 )[17,18]。根据 Sarmiento 等 (1998)
的观点，在温室气体所致的气候变化过程中，南大洋对于 CO2 生物泵的变化具
有显著影响 [19]，尽管有其他模型研究表明南大洋的作用居于次要地位





















De La Rocha 等(1998)研究发现硅藻硅质壳中同位素 30Si/28Si 的比值会随生
产力的升高而升高，因此 30Si/28Si 可用来记录环境变迁[100]。Milligan 等(2002)
通过对硅藻内部吸收 Si 同位素的动力学机制的研究，发现硅藻内部对 Si 同位素
的识别主要由硅转运而非硅聚合步骤控制，这一结果进一步支持了用 30Si 标记的


































生物硅产率为(2.0～2.8)×1014 mol Si yr -1 (Nelson et al., 1995 )，相应的平均产率
为(0.6～0.8) mol Si m-2 yr -1 或(1.5～2.1) mmol Si m -2 day -1[37]。该估计值来自一些
特定站点表层水体的硅石产率的直接测定，在局部尺度上得到的这些数据与全球
估计值一致，但是时空可变性非常大。生物硅日产量测定值变化范围超过四个数
量级， 低为 0.1 mmol Si m -2 day -1，出现在寡营养的大西洋和太平洋水体，









验室中被证实(Bidle & Azam, 1999)[32]，海洋雪颗粒物中高浓度的硅酸浓度意味
着该过程是自然发生的(Brzezinski et al., 1997)[33]。异养甲藻的捕食作用显示：实
际上它可以从硅藻中摄取所有的有机物，而只剩下裸露的藻壳(Jacobson & 
Anderson, 1986)[34]。微甲壳类的捕食还有将藻壳破碎为小碎屑的附加作用
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